The primary objective of this study was to determine the safety, toxicity, and maximum tolerated dose of nanoparticle albumin-bound (nab)-paclitaxel as part of biochemotherapy for metastatic melanoma and to determine whether substituting nab-paclitaxel for less potent agents could increase response rates and duration. Treatment consisted of intravenous cisplatin (20 mg/m 2 ) on days 1-4, oral temozolomide (250 mg/m 2 ) on days 1-3, subcutaneous interferon-a (5 ¾ 10 6 IU/m 2 ) on days 1-5, and continuous intravenous interleukin-2 (9 ¾ 10 6 IU/m 2 ) for 96 h on days 1-4. A standard 3 + 3 dose escalation method was used; the nab-paclitaxel starting dose was 100 mg/m 2 on day 1 and 70 mg/m 2 on day 5. The treatment cycle was repeated every 3 weeks and toxicity was assessed weekly. Ten patients were enrolled. Dose-limiting toxicities included diarrhea, transaminasemia, and neutropenia. The maximum tolerated dose was not identified because the nab-paclitaxel dose on day 1 at the lowest planned dose (80 mg/m 2 ) caused dose-limiting toxicity in two of five patients. Of the nine patients who were evaluable for response, five had a partial response. The median time to disease progression was 5.30 months and the median overall survival was 8.73 months.
Introduction
Since the 1990s, biochemotherapy -such as that using cisplatin-based chemotherapy regimens in combination with biological agents of interferon-a (IFN-a) and interleukin-2 (IL-2) -has been reported to have the highest response rates among various systemic therapies for metastatic melanoma. For example, in a phase II study in which 53 patients with metastatic melanoma received biochemotherapy [cisplatin, vinblastine, and dacarbazine (CVD) plus IFN-a and IL-2], 34 patients (64%) achieved objective responses (complete and partial response) [1] . However, the high response rates did not translate into improved overall survival (OS). In addition, despite the high response rates in their systemic metastases, patients in the study showed a high risk of developing brain metastasis.
Combining biochemotherapy with other active agents might further increase the response rate. Several studies have shown that Cremophor-based paclitaxel is active against metastatic melanoma [2] [3] [4] . In one phase II study, a brief intravenous (i.v.) infusion of paclitaxel elicited verifiable responses in melanoma metastasis in the liver of three patients in whom previous CVD treatment had failed [5] . A phase I/II trial of a CVDbased regimen in which paclitaxel was substituted for vinblastine paclitaxel showed improved times to tumor progression (TTP) and OS and fewer brain metastases [6] . However, combining paclitaxel with biochemotherapy is challenging because of the requirement of steroid premedication, which could potentially counteract the anticancer activity of IL-2.
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Nanoparticle albumin-bound (nab)-paclitaxel, a modified version of paclitaxel, does not require steroid premedication and can thus be readily combined with biochemotherapy. In-vitro studies and clinical breast cancer studies have shown that nab-paclitaxel has higher bioavailability and results in a higher intratumoral paclitaxel concentration than traditional solvent-based taxanes [7, 8] . In addition, unlike paclitaxel, nab-paclitaxel binds to secreted protein acidic and rich in cysteine, a protein that is overexpressed in melanoma cells [9] , which may further increase intracellular accumulation of the drug. Nab-paclitaxel has shown favorable response rates, TTP, and OS in metastatic melanoma in phase II trials, both as a single agent and in combination with carboplatin [10, 11] . To our knowledge, however, substitution of nab-paclitaxel for the less potent vinblastine in biochemotherapy has not been subjected to clinical trials, even though this change would be expected to augment the tumor response.
Temozolomide, a dacarbazine analogue, has the advantage of excellent central nervous system (CNS) penetration, and thus may be effective against melanoma CNS metastases and may even prevent the development of metastases. In a clinical trial conducted by González Cao and colleagues, 36 patients received temozolomide-based biochemotherapy. Only two patients showed the first evidence of disease progression in the form of brain metastasis, although at baseline, 23 patients had stage IV (metastasis grade M1c) disease and seven patients had received previous whole-brain irradiation for previous brain metastasis [12] .
On the basis of this evidence, we hypothesized that the temozolomide-nab-paclitaxel biochemotherapy can prolong the duration of response and prevent the development of CNS metastasis. Thus, we conducted this phase I clinical trial to test whether substituting vinblastine and dacarbazine with nab-paclitaxel and temozolomide, respectively, could improve the antitumor activity of biochemotherapy and decrease the risk of brain metastasis from melanoma. Our primary objectives were to evaluate the safety and toxicity of this biochemotherapy combination and to determine the maximum tolerated dose (MTD) of nabpaclitaxel. The secondary objectives were assessment of the response rate, OS, and incidence of CNS metastasis associated with this regimen.
Patients and methods

Patient selection
The study protocol was approved by the institutional review board of The University of Texas MD Anderson Cancer Center. All patients provided written informed consent before study enrollment.
Patients with histologically confirmed stage IV or unresectable stage III metastatic melanoma were enrolled in our study. Eligible patients were between 18 and 65 years of age, had an Eastern Cooperative Oncology Group performance status score of 2 or less, had disease that could be measured or evaluated using the Response Evaluation Criteria in Solid Tumors (RECIST) evaluation tool, version 1.0 [13] , had adequate organ function (white blood cell count Z 3000/ml, absolute neutrophil count Z 1500/ml, platelet count Z 100 000 ml, serum creatinine < 1.1 and 1.4 mg/dl in women and men, respectively, serum bilirubin < 1.2 mg/dl, calcium level < 11 mg/dl), had no active or symptomatic brain metastases, were not receiving steroids, and were IL-2 and chemotherapy naïve. We considered that if a patient had received previous IFN-a treatment this may be a predictor for IFN nonresponsive tumors. All patients had to have adequate cardiopulmonary function as indicated by pulmonary function testing and ECG, chemical stress echocardiography, or a myocardial perfusion scan (left ventricular ejection fraction Z 55%, QT on ECG < 460 ms, forced expiratory volume Z 75% of that which was predicted).
Treatment plan
The treatment schedule is shown in Table 1 . Treatment consisted of cisplatin (20 mg/m 2 ) i.v. infusion on days 1-4, oral temozolomide (250 mg/m 2 ) on days 1-3, and subcutaneous IFN-a2b (5 Â 10 6 IU/m 2 ) on days 1-5. Patients also received a continuous i.v. infusion of IL-2 (9 Â 10 6 IU/m 2 ) for 96 h on days 1-4. Intravenous nabpaclitaxel (Abraxane; Celgene, Summit, New Jersey, USA) was administered on days 1 and 5 of each cycle; the dose was split to avoid microtubule saturation, a phenomenon long observed with the use of taxanes. The starting nab-paclitaxel dose was 100 mg/m 2 on day 1 and 70 mg/m 2 on day 5. In this study, a higher daily dose of temozolomide over 3 days rather than traditional (150 mg/m 2 daily for 5 days) was administered to achieve higher plasma concentration and DNA methylation in the brain [14] . A standard 3 + 3 dose escalation method was used to determine the nab-paclitaxel dose on day 1; no intrapatient dose escalation was allowed. Treatment was repeated in cycles of 21 days to a maximum of six cycles. Patients who developed CNS metastasis were excluded from the study, but were offered the option to continue the treatment described above off-protocol. IL-2 was withheld from patients who developed hypotension (despite support with dopamine at a dose of up to 5 mg/kg/min and i.v. fluids), liver dysfunction (bilirubin > 3 mg/dl), and/or kidney dysfunction (serum creatinine > 1.8 mg/dl). IFN-a2b was withheld from patients who developed thrombocytopenia (< 50 000 cells/ml 3 ) or neutropenia (absolute neutrophil count r 300 cells/ml 3 ). Cisplatin was held in patients who developed grade 2 hearing loss, peripheral neuropathy, kidney dysfunction (creatinine level Z 1.5 mg/dl), or thrombocytopenia (< 30 000 cells/ml 3 ). Treatment was restarted after resolution of the abovementioned limiting factors. Nab-paclitaxel on day 1 was held in patients who developed grade 3 neurotoxicity, but Nab-paclitaxel biochemotherapy Alrwas et al. 343
was restarted after neurotoxicity resolved or was reduced to grade 2 or less. Nab-paclitaxel on day 5 was restarted if the patient's absolute neutrophil count was greater than 600 cells/ml 3 .
Toxicity evaluation
Patients were evaluated for toxicity using the US National Cancer Institute's Common Terminology Criteria for Adverse Events [15] . Patients underwent a physical examination and comprehensive blood tests, including a complete blood count with differential, a complete metabolic panel, and measurement of lactate dehydrogenase before and during every treatment cycle to assess toxicity. Dose-limiting toxicity (DLT) was defined as grade 4 hematologic toxicity, grade 3 or higher nonhematologic toxicity, or any other toxicity that required dose reduction or that interrupted the patient's treatment schedule for more than 1 week and that occurred during the first cycle. Treatment was withheld until toxicity resolved to less than or equal to grade 2. Prophylactic hematologic growth factors to prevent neutropenia were not allowed in the first cycle.
Response evaluation
MRI of the brain and computed tomography of the chest, abdomen, and pelvis were used to evaluate treatment response after every two cycles. Disease response or progression was defined according to RECIST version 1.0 [13] . Response duration was measured from the time of response until evidence of disease progression. TTP was measured from the time of treatment initiation to evidence of disease progression, and OS was measured from the time of treatment initiation to the time of death or last follow-up. Kaplan-Meier estimates were used to plot survival curves.
Results
Patient characteristics
Ten patients with stage IV or unresectable stage III metastatic melanoma were enrolled in the study between March 2010 and March 2011. One patient was evaluable for toxicity, but not for response and was excluded from the study after receiving one cycle of treatment because of a change in diagnosis. The patient's initial biopsy was performed in an outside facility, which found pleomorphic cells with strong S-100 expression and focal melan-A expression; however, the repeat biopsy at the MD Anderson Cancer Center was negative for both S-100 and focal melan-A expression. Because the differential diagnosis included dedifferentiated chondrosarcoma with melanocytic features as well as metastatic melanoma with cartilaginous involvement, this patient was excluded from our study. Patient characteristics are shown in Table 2 . Six and four patients had Eastern Cooperative Oncology Group performance status scores of 0 and 1, respectively. The mean age of the patients was 46 years and ranged from 19 to 61 years.
The patients' risk factors for brain metastasis, including sex, thickness of melanoma, primary site of melanoma, ulceration status, number of involved lymph nodes, grade M1c disease status, and lactate dehydrogenase level at baseline, are described in Table 3 .
Two patients had received adjuvant IFN therapy previously; the first (patient no. 7 in Table 3 ) received IFN 3 years before developing widespread disease in the lymph nodes, lungs, subcutaneous tissue, omentum, mediastinum, and right kidney; the other patient (patient no. 3 in Table 3 ) received IFN 1 month before developing rapidly progressive disease in the lymph nodes, lungs, and left adrenal gland.
Treatment
The first two cohorts of patients were treated at dose level 0 (nab-paclitaxel on day 1 at 100 mg/m 2 and on day 5 at 70 mg/m 2 ). At dose level 0, two of five patients experienced DLT (grade 3 transaminasemia and grade 3 diarrhea). Therefore, the next three patients were treated at dose level -1 (nab-paclitaxel on day 1 at 80 mg/m 2 and 70 mg/m 2 on day 5). One patient had DLT (prolonged grade 2 neutropenia that delayed the second cycle of therapy for more than 1 week). Of two additional patients treated at level 0, one had DLT (grade 4 transaminasemia). Because no additional patients were accrued to receive lower doses of nab-paclitaxel, the MTD of nab-paclitaxel was not identified and the lowest dose level evaluated was too toxic. In later cycles, three patients did not receive the day 5 dose of nab-paclitaxel (two in cycle 6, one in both cycle 4 and cycle 5) because of accumulative thrombocytopenia.
Toxicity
Treatment toxicities are presented in Table 4 . Two incidents each of grade 3 or 4 neutropenia, transaminasemia infection, and diarrhea and one each of grade 3 or 4 hyponatremia, leukopenia, thrombocytopenia, and lymphopenia occurred during the first cycle of treatment. The most common grade 3 or 4 toxicities overall were neutropenia (nine patients), diarrhea (three patients), and infection (three patients). Accumulative toxicities included thrombocytopenia, anemia, peripheral neuropathy, and hearing loss. In addition to experiencing the common side effects of biochemotherapy (diarrhea, flulike symptoms, fever, chills, malaise, nausea, vomiting, and anorexia), eight patients in our study experienced tinnitus and one patient had treatment discontinued because of grade 3 toxicity.
Clinical efficacy
The mean number of treatment cycles was five among the nine patients. Five patients completed all six planned cycles: four patients received level 0 and one received level -1 of nab-paclitaxel. The median TTP was 5.3 months and the median OS duration was 8.73 months ( Fig. 1a and b ).
Of the nine patients, five (56%) had a partial response, three and two responders completed six and five cycles, respectively (three received level 0 and two received level -1), three (33%) had progressive disease, and one (11%) had stable disease. No patient showed a complete response to treatment. We observed response in lymph nodes, soft tissue, liver, lung, and kidney metastatic sites. Although bone mestastases are not considered target lesions according to RECIST [13] , we had evidence of responses in two patients and disease stabilization in another among the five patients with known bone metastasis.
Six patients developed melanoma metastasis in the CNS. Two patients developed brain metastasis while receiving treatment and two patients developed brain metastasis soon after completing treatment. The other two patients developed leptomeningeal metastasis after treatment. The median time from the start of treatment to the development of metastasis in the CNS in all patients with CNS involvement was 5.33 months.
At 18 months of follow-up, two patients were alive. One patient had a partial response to treatment and was disease free after undergoing surgical resection of the residual disease. The other patient had disease progression and was excluded from the study after two treatment cycles because of new brain metastasis. This patient received whole-brain radiation therapy, followed by two cycles of CVD with disease progression and was responding to treatment with a selective BRAF inhibitor at the time of last follow-up.
Discussion
Our study showed that biochemotherapy with nabpaclitaxel and temozolomide in this schedule resulted in significant toxicity in patients with metastatic melanoma. The MTD of day 1 nab-paclitaxel in this combination therapy could not be defined in this phase I study.
At dose level -1, the combined dose of nab-paclitaxel administered on days 1 and 5 was 150 mg/m 2 , half the 300 mg/m 2 MTD of nab-paclitaxel administered every 3 weeks in combination with carboplatin alone that was reported in the phase I study of Stinchcombe et al. [16] .
In addition, three of the patients in our study received only the day 1 nab-paclitaxel without day 5 treatment in later cycles because of accumulative thrombocytopenia. In our study, there were 30 incidents of grade 3 or 4 toxicity, which was unexpected, given the small number of patients. Nab-paclitaxel and biochemotherapy have several similar toxicities such as myelosuppression and neuropathy, which were especially evident in the late cycles of treatment. In addition, when the two therapies are used in combination, their common toxicities can have an additive effect in patients. In most patients who receive traditional biochemotherapy, diarrhea is not severe, lasts for 8 or 9 days, and rarely requires treatment cessation [17] . In the present study, however, two patients developed severe diarrhea that required delayed discharge and a third patient developed diarrhea as a DLT during the first cycle of treatment. Two patients had dose-limiting transaminasemia, but neither had liver metastasis, which suggests that the therapy had hepatic toxicity.
Biochemotherapy plus nab-paclitaxel and temozolomide had excellent antitumor activity, except in CNS disease. Reports of the biochemotherapy response rate have varied historically between 40 and 60% in multiple phase II studies [17] , and were as low as 19.5% in a randomized phase III study [18] . In our study, five of nine patients had a partial response, with one patient from the five responders experiencing a durable remission after undergoing surgical resection of the residual disease.
The OS duration in the present study was shorter than those reported in previous studies of biochemotherapy. In their retrospective analysis, Bedikian et al. [19] reported that chemotherapy-naïve patients who received biochemotherapy had a median survival duration of 12.2 months. In another retrospective analysis, Keilholz et al. [20] reported that patients who received biochemotherapy that included IL-2 and IFN-a had a median survival duration of 11.4 months. In our study, however, the median OS duration was only 8.73 months, which was even shorter than the median OS duration (11.0 months) reported for patients who received a CVD regimen in which paclitaxel was substituted for vinblastine [7] . The shorter OS duration and TTP in our study can be attributed to the high incidence of melanoma metastasis in the CNS: in five of the six patients who developed melanoma metastasis in the brain or leptomeninges, CNS involvement was the first sign of disease progression, and these patients died shortly thereafter.
Reducing or preventing melanoma metastasis in the CNS remains a challenge. We found that temozolomidecontaining biochemotherapy plus nab-paclitaxel did not prevent nor delay the occurrence of melanoma metastasis in the CNS. Although extracranial response or control was achieved in many patients, six of the nine patients in our study developed melanoma metastasis in the CNS during therapy or shortly thereafter. In comparison with the patients studied by González Cao et al. [12] , our patients received temozolomide for 3 days each cycle instead of the standard 5 days, although our patients did receive a higher dose (250 mg/m 2 ), rather than the standard 150 mg/m 2 dose on the 21-day cycle, rather than every 28 days in the clinical trial of González Cao and colleagues. Our finding is in contrast to earlier reports that suggested that temozolomide-based biochemotherapy could prevent melanoma brain metastasis owing to temozolomide's ability to penetrate the blood-brain barrier [12, 21] and a previous study that suggested that replacing vinblastine with paclitaxel in a CVD regimen could decrease or prevent melanoma brain metastasis [7] . Chiarion-Sileni et al. [22] , in a phase III randomized study, showed the inefficacy of temozolomide in preventing CNS metastasis from melanoma, although they suggested that temozolomide may delay the onset of CNS disease. In the present study, the median time to CNS involvement was only 5.33 months, which undermines that claim.
That the majority of patients in our study developed melanoma metastasis in the CNS was likely partly because of the fact that these patients were already at a high risk of developing brain metastasis [23] . Most patients had a thick primary melanoma (Clark level Z 3 or Breslow score Z 2 mm) and a primary lesion at an unknown site or on the trunk, head, or neck; these types of melanoma are associated with shorter intervals between the initial diagnosis and CNS metastasis [24] .
Our study is limited by the fact that no MTD for day 1 nab-paclitaxel was found; however, it would likely be less than 80 mg/m 2 , considering the accumulative toxicity in later cycles of treatment. We speculate that a nabpaclitaxel dose for any phase II trial for this combination should be far less than that dose, which might even prevent adequate activity against the tumor itself. Another limiting factor in our analysis was the small number of patients enrolled in this study, which may have limited the accuracy of our efficacy/survival evaluation.
The new Food and Drug Administration-approved anticancer agents have opened the horizon in melanoma therapy. Combining biochemotherapy with new agents such as ipilimumab or selective BRAF inhibitors may prove to increase not only the response rate and response duration but also treatment tolerability.
Conclusion
Nab-paclitaxel can replace vinblastine in biochemotherapy for metastatic melanoma. However, the combination is very toxic to the liver, bone marrow, and gastrointestinal tract. In addition, although the combination elicited responses in extracranial metastasis, it did not prevent CNS involvement. We do not recommend nab-paclitaxel as a part of biochemotherapy for metastatic melanoma in the doses used in this study.
